Abstract-Enhanced partial transmit sequence (EPTS) and cross-correlation-PTS are two techniques for reducing peak-toaverage power ratio (PAPR) in orthogonal frequency division multiplexing (OFDM) systems. EPTS is a low complexity technique compared to conventional partial transmit sequence (CPTS) and cross-correlation-PTS techniques which outperforms the cross-correlation-PTS in terms of PAPR reduction while cross-correlation-PTS technique is more efficient in BER reduction. This proposed technique is a novel serial combination of the above-mentioned techniques to provide both sufficient PAPR reduction and BER reduction simultaneously. Simulation results are carried out with QPSK modulation and Saleh model power amplifier. From the simulation results the proposed technique achieves about 0.5 and 1.5 dB PAPR reduction compared to EPTS and cross-correlation-PTS techniques, respectively, when it outperforms EPTS in terms of BER performance.
I. INTRODUCTION
Broadband communication systems are rapidly expanding, resulting in a demand for wireless systems that are reliable and have a high spectral efficiency. As the bandwidth demands in communication systems increases, new transmission formats like orthogonal frequency division multiplexing (OFDM) [1] [2] [3] has been applied in modern communication systems such as worldwide interoperability in microwave access (WiMAX), and digital video broadcasting (DVB). In the literature, vast amount of literature has considered the problem of peak-toaverage power ratio (PAPR) inherent in orthogonal frequency division multiplexing (OFDM) signals. The distribution of PAPR, often expressed in terms of complementary cumulative distribution function (CCDF), is the attractive case for Researches.
Various approaches have been proposed to overcome high PAPR problem such as conventional partial transmit sequence (CPTS) [4] [5] [6] , cross-correlation-PTS [7] , [8] , coding [9] , [10] , companding [11] , [12] , selected mapping (SLM) [13] , [14] and clipping and ltering (CAF) [15] . While clipping is the simplest method, but it causes BER degradation and interference in the adjacent channels. One specific approach that has received much attention is the PTS technique. However, one of its major drawbacks is its high computational complexity [6] .
PTS is based on partitioning the signal into sub blocks and selecting the optimum phase sequence by the minimum PAPR value. High complexity, requiring exhaustive searching algorithm to find the optimum phase sequence and need of a feedback are two major drawbacks of this method. In [8] the author proposed a cross correlation technique instead of PAPR calculation that achieves a low complexity and BER reduction improvement compared to CPTS, while CPTS outperforms in terms of PAPR reduction compared to the cross correlation-PTS [7] . In the enhanced partial transmit sequence (EPTS) technique [6] new phase sequence is generated, and is carried out by first generating the matrix of phase sequence and then partitioning it based on the requirement for PAPR reduction and complexity. The novelty on this technique is that it generates N random phases, where N is the number of subcarriers, but this technique suffers from high bit error rate.
The technique proposed in this paper is based on the phase matrix which is used in the EPTS technique but the similarity measurement block [7] is cascaded with the addition block. The novelty of the proposed technique is the smart selection of the phases as the similarity measurement block input which determines the PAPR reduction and BER performance. This paper is organized as follows. Section II summarizes the question of PAPR and the associated power amplifier. In section III, the EPTS and the cross-correlation-PTS techniques are introduced. Section IV describes the proposed technique. Section V and VI present the simulation results and the conclusion, respectively.
II. PAPR DEFINITION AND PA MODEL
A multicarrier signal is the sum of many independent signals that are modulated onto sub channels of equal bandwidth. The complex baseband OFDM signal x(t) in one symbol period can be represented by [6] :
where
X , is the data symbol of the M th subcarrier, N is the number of subcarriers, f Δ is the subcarrier spacing, and T is the OFDM symbol
The PAPR is a measure that is generally used to quantify the envelope variations of the multicarrier signals and can be expressed as [9] :
where E[.] is the expected value operator. The most popular metric for measuring the PAPR is the CCDF [16] , [17] . The CCDF of the PAPR denotes the probability that the PAPR of a data block exceeds a given threshold, and it is defined as follows:
where PAPR0 is the given threshold. In this paper, the memory-less nonlinear power amplifier Saleh model is used to describe the effects of the PAPR for HPA efficiency.
The AM/AM and AM/PM characteristics of the Saleh model amplifier can be defined as:
where u(t) is the absolute value of the input signal, sat W indicates the amplifier input saturation voltage behavior, and 
III. EPTS AND CROSS-CORRELATION-PTS TECHNIQUES

A. EPTS Technique
EPTS technique [6] can perform a similar PAPR reduction by using half the number of IFFT blocks compared to the CPTS technique. This phase sequence is expressed as 
where V is the number of subblocks and P is the number of iterations, which can be defined as follows:
where w is the number of allowed phase factors, D is the coefficient that specifies the PAPR reduction capacity and D N is the coefficient determined by the user. Hence, in EPTS, the iteration number is P, while for the CPTS; the iteration needed to find the optimum phase sequence is
B. Cross-Correlation-PTS Technique
The cross-correlation-PTS technique is based on the statistical description of the cross correlation scheme. The input signal is divided into V blocks [7] , [8] :
The n th sample can be presented as:
where x is the IFFT blocks output. If b is the phase sequence, so z(b) can be expressed as:
If the HPA has pure linear characteristic curve or the maximum OFDM signal curve is less than the threshold (the saturation point of the amplifier), the input and output of the amplifier bear the same shape, otherwise they have different amounts of each other, and this is the main concept of this technique. As in [7] , The CPTS technique is more efficient in terms of the PAPR reduction compared to the cross-correlation-PTS, which means its PAPR reduction inferior to the CPTS, while its BER performance is more superior.
IV. PROPOSED PAPR SCHEME
The proposed scheme described in this paper is based on similarity measurement block in series with the EPTS. Fig. 1 illustrate the proposed technique. As mentioned above EPTS uses half the number of IFFT blocks compared to CPTS [6] and this is the reason that EPTS is used in this scheme. For improving the BER performance, even though similarity test is a good solution, but it is not perfect, because it does not reduce the PAPR sufficiently. To offset this weakness, a smart serialization of these two techniques which is a new technique proposed here. According to (8) and (10), the new vector G i can be defined as:
and P is the number of iterations, which is flexible and is specified by the user. After saving the vector i G and one ascending sorting stage, a new vector R is obtained as follows, 1 ,..., ,...,
As mentioned above, P is the iteration number that is equal to the length of vector R, and S is the selected number of R elements. The next step is to measure the similarity percentage of the S phase sequences which is defined in the R vector. The optimum phase sequence is the phase sequence with the highest similarity. In statistics, the cross-correlation (CCOR) and the Sorensen-Dice coefficient (SDC) [7] are two similarity test methods between two variables, x' and y'. The CCOR can be defined as
additionally, the SDC is expressed as and SDC b are the optimum phase sequences using the CCOR and SDC measurement, respectively, and be calculated as follows:
arg max(SDC)
In this proposed technique cross-correlation is used as the similarity measurement technique. The algorithm can be explained as follows. Firstly, it calculates the P phase sequences based on the PAPR reduction and sorting them on the ascending mode in a vector named as R, and secondly it selects the optimum phase sequence which gives the highest similarity between the input and output signal of the amplifier among the S selected phase sequences. However, the parallel combination of the EPTS and cross-correlation is not ideal because the probability of finding a phase sequence which be able to satisfy two conditions of minimum PAPR and most similarity is low. On the other hand, with a serial combination in which the selection process is in a sequence it achieves both PAPR reduction performance and BER performance at the same time.
V. SIMULATION RESULTS
The simulation results is based on QPSK modulation with IFFT length of N=512, oversampling factor L=4, number of blocks V=4, S=30 and using cross correlation as the similarity measurement block. To obtain the CCDF, 50000 random OFDM symbols are generated. Fig.2 shows PAPR reduction performance of EPTS, cross-correlation-PTS, and the proposed technique. It is observed that this technique outperforms EPTS and cross-correlation-PTS techniques in terms of PAPR reduction. All these are achieved with a where x' and y' are the PA input and output, respectively. significant reduction in complexity compared to CPTS and cross-correlation-PTS [6] , [7] , [8] . This is because of use of EPTS as the first step in the proposed technique. y' x (v) . . . The BER performance of the proposed technique is shown in Fig.3 . Because of the use of similarity measurement block in the proposed technique, it is more efficient in BER reduction compared to EPTS.
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VI. CONCLUSION
A technique based on EPTS and cross-correlation-PTS techniques has been proposed. After one ascending sorting of the EPTS technique phase sequence, the phase sequence which provides the most similarity between the input and the output of the amplifier is defined as the optimum phase sequence. The proposed technique outperforms the EPTS and cross-correlation-PTS techniques in terms of BER performance and PAPR reduction respectively. This results in an enhancement of power efficiency and therefore less power consumption and prolonged battery life. The proposed technique can be applied in recent wireless communications systems such as WiMAX and long term evolution (LTE).
